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The Fluctuation in Abundance of Walleyes in 
Spirit Lake, Iowa. 
By EARL T. RosE 
INTRODUCTION 
One of the few lakes in Iowa which might be classified as typical 
for the walleye (Stizostedion v. vitreum) is Spirit Lake in Dickinson 
County. It is the largest lake in the State, covering nearly 6,000 
acres. There are numerous rock reefs, points and bars together with 
many sandy and glacial boulder strewn beach areas. These factors 
along with relatively clear waters, free of objectionable summer 
algal blooms, provide a suitable environment for the esteemed 
walleye. This species is in great demand by sport fishermen and any 
deviation from fairly good angling succes is viewed with much dis-
may and concern. Since there are but few suitable walleye lakes 
in Iowa, the Conservation ·Commission has expended much effort 
in maintaining a good population and in determining trends of 
abundance through netting surveys, creel censuses and tagging 
studies. In 1947, the number of walleyes was estimated at around 
30,000 by the tag and recapture (Petersen) method. These data 
(Rose, 1947), plus a study of annual gill-net catches and survey 
records indicated a depleted population. The intensity of walleye 
angling pressure was evidenced by a 28 per cent harvest that year. 
As a result of that study, modifications of management practices 
were made to increase the population if possible. Principal changes 
involved elimination of size limits and the closed seasons on pan 
fishes and a reduction in daily catch limit on the walleye. Also, 
rough-fish control was intensified to curtail an expanding carp 
population. 
EvtDENCE OF INCREASE IN WALLEYE ABUNDANCE 
As mentioned in the previously cited study by Rose (op. cit.), 
the Iowa Conservation Commission has conducted an experiment 
to determine and evaluate the effects of heavy walleye fry stocking 
on the later abundance of adults. At the time that paper was writ-
ten ( 194 7) the few years of data indicated little positive evidence 
of hatchery stocks contributing to the adult population of walleyes. 
Since then, however, lake surveys have produced some rather strik-
ing evidence that annual heavy fry stocking (3,000 per acre) from 
1949 through 1954 may be correlated with an evidently increased 
population in Spirit Lake. 
The lake survey data were obtained entirely from routine seine 
hauls of shoal areas of Spirit Lake using 500 feet of one-quarter 
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inch mesh (bar measure) seine. This work was done after July 1, 
each year in order to obtain catches of young of the fishes as well 
as older age classes. The catch data on the walleye fingerlings 
(young of the year) , yearlings and adults from 1944 through 1954 
are included in Table 1 and Figure 1. Obviously the number of 
walleyes in nearly all age classes occurred much more frequently 
during the years of heavy fry stocking ( 1949-1954) than in the 
previous five years of no fry stocking. 
Table 1 
Comparison of walleye catches per seine haul during years of no 
fry stocking and years of heavy fry stocking. 
No. fry Av. Number yearlings Av. Number Number 
Year per acre fingerlings Av. Number adults of hauls 
1944 0 10.60 0.55 0.37 11 
1945 0 0.09 2.20 0.64 11 
1946 0 2.70 0.80 0.00 15 
1947 0 13.07 2.60 2.57 14 
1948 0 16.70 2.70 3.90 10 
Grand Average 8.60 1.80 1.50 
1949 3,000 42.60 2.50 3.00 10 
1950 3,000 137.30 4.00 1.55 9 
1951 1,800 38.00 59.30 1.82 11 
1952 3,000 57.90 72.90 76.00 7 
1953 3,000 51.00 2.40 6.40 10 
1954 3,000 68.10 20.00 10.50 10 
Grand Average 65.50 26.80 16.50 
The large number of fingerlings obtained in 1950 '(average 
137 per haul) seems definitely related to the increased catch of 
yearlings taken in 1951 and the adults in 1952 which largely 
composed of the 1950 year class. The grand average catch of 
fingerlings, yearlings and adults (Table 1) for the last six years 
clearly indicates an increase in the walleye population regardless 
of any cause effect inferences relative to fry stocking. 
Were it not for possible inter-specific manifestations and dyna-
mics of population phenomena which we cannot positively evalu-
ate at this time, it might be concluded from this evidence that 
fry stocking is bolstering the adult population of walleyes in this 
lake. However, spring gill netting, lake surveys and creel census 
data provide additional information which cannot be ignored in 
any attempt to interpret the apparent increase. 
Since 1936, the annual spring gill-netting catches have been 
recorded (Rose, op. cit) and these data indicate that the highly 
predaceous white bass (Marone chrysops) has been .co-dominate 
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Figure 1. Catches of young of the year, yearling and adult walleyes per seine 
haul during years of no fry stocking and years of heavy fry stocking. 
with the walleye throughout most of the 19 years (Table 2, Fig. 
2). It is apparent that with the exception of 1940, the whit~ bass 
population exceeded the walleye considerably from 1938 to 1948.1 
In his life history study of the white bass of Spirit Lake, Sigler 
( 1949), provided vivid testimony of the predaceous character of 
this species on young fishes. Consequently it is conceivable that 
the 11 years of abundant white bass populations may have been 
a contributing mechanism in reduction of the walleyes. In the 
previously mentioned experiment to evaluate fry stocking, no 
hatchery stocks were added from 1944 until the spring of 1949. 
Obviously, the walleyes declined in abundance during this period; 
however, the decline did not originate here but continued a 
downward trend from 1939. Also, it is pointed out that the high 
population of walleyes in 1936 and 1937 is associated with a low 
white bass density and the presently increasing walleye population 
with the virtual absence of white bass. 
Further evidence of the fluctuation of the white bass popula-
tion is contained in creel census records. From 1946 through 1948 
the average catch each spring exceeded 6,000 white bass but 
declined to an average of 255 from 1949 to 1954. 
While these data do not prove that white bass contributed to 
the decline of walleyes during, or previous to, the no stocking 
period, they suggest a relationship, particularly between high 
populations of white bass and poor survival of naturally spawned 
walleyes. If the white bass had maintained a high population 
1No records for 1943 and 1944. 
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Table 2 
Average catch of walleyes and white bass per 800 feet gill net per night 
during spring spawning runs in Spirit Lake. 
Year Number of walleyes Number of white bass 
1936 177 13 
1937 80 29 
1938 40 40 
1939. 76 100 
1940 70 40 
1941 65 88 
1942 44 51 
1943 no data no data 
1944 no data no data 
1945 35 86 
1946 26 47 
1947 17 34 
1948 21 53 
1949 18 2 
1950 16 T* 
1951 7** T 
1952 28 1 
1953 30 T 
1954 26 2 
*Less than average of one fish per night. 
**Adverse gill netting season. 
level from 1949 through 1954, during which the heavy walleye 
stocking was resumed and the walleyes had increased in abundance 
as indicated in this period, then fry stocking would appear more 
significant. The white bass was the only predator species showing 
any marked deviation in abundance during this time (1936-1954) 
which might be interpreted as a possible depressant on the wall-
eye's reproduction. 
In summarizing this evidence, it may be assumed that either 
the heavy planting of fry, plus natural reproduction, from 1949 
to 1954 was responsible for an apparent increase in walleyes, or 
the decline in white bass during this interval permitted increased 
survival of fry to advanced ages, or that a combination of all 
three factors prevailed and contributed to the increase of wall-
eyes. The fitting of a correlated mechanism to a plotted population 
fluctuation, or cycle, is of uppermost importance in ecology and 
certainly is desirable from a fisheries management standpoint. 
Whether the white bass is this mechanism or a contributing 
factor is not yet clear. Continued study will be directed toward 
a solution of this important factor. 
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Figure 2. Comparison of numbers of walleyes and white bass caugbt per 800 
feet of gill net per night in Spirit Lake. 
THE WALLEYE POPULATION IN 1954 
A re-appraisal of the adult walleye population by the tag and 
recapture method was conducted in 1954 to obtain further infor-
mation concerning the degree of increase since the 1947 estimate. 
The methods used were similar to those of 1947 except that more 
fish were tagged and some were taken by means of an electric 
shocker as well as gill nets. 
During the operation of the State Conservation Commission's 
walleye hatchery in April of 1954, a total of 991 adult walleyes 
were tagged and released at numerous points in Spirit Lake. The 
tags (No. 3 monel metal) were clamped in the comer of the 
upper jaw enclosing the maxillary and pre-maxillary bones. Nearly 
one-half of the fish tagged (467) were captured on the spawning 
runs by use of a 110 volt shocker at night and the remainder 
were taken by gill nets. Each fish was measured in total length 
and its tag number recorded together with the region and date 
of release. Serially numbered tags from 1 w to 1,000 w were used 
and in the process 14 of the tags were spoiled. Lee shores and 
regions of restocking were closely observed daily for dead tagged 
fish of which 19 were found prior to the opening of the fishing 
season on May 15. It is worthy of note that none of the walleyes 
collected with the shocker and tagged was found dead prior 
ta or during the open season. In order to partially compensate 
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for the losses of tags, 24 additional fish were tagged bringing 
the presumed total to 991 fish in the lake before the start of the 
season. 
Creel census data were used to calculate the estimate of the 
walleye population. All census records were obtained by personal 
contact with the anglers on shores and in boats during open 
water and on ice during the winter. The census clerk examined 
the catches of all anglers contacted and walleyes tags were taken 
when observed to confirm the tag numbfrs. The census data, 
including the number of tagged recaptures, were tabulated by 
ten-day intervals beginning May 15, 1954 and for the purpose 
of this paper, ending February 15, 1955. This information, 
together with seasonal totals, the ratio of tagged to untagged 
walleyes caught in each ten-day period and the estimated popu-
lation, is included in Table 3. 
The population estimate was determined from the census data 
obtained during the period May 15 to July 30. After this time 
it is apparant that heavy recruitment occurred as evidenced by the 
c 
vast decrease in ratio of tagged to untagged fish- (Ratio -
A 
Table 3). Approximately 41 per cent of the walleyes caught 
during the winter were small ( 10 - 11 inches total length), mostly 
of the 1953 year-class. This recruited segment was not vulnerable 
to catch during the fore-part of the season and cannot logically 
be included in the calculation of the adult population present at 
the opening of the season. 
Since approximately 41 percent of the late summer and winter 
catches was composed of the 1953 year class, some concept of its 
magnitude may be determined. If the population estimate of 
42,441 is reduced by the number caught from May 15 to July 31-
(4,197) and the natural mortality is discounted as negligable, there 
remained 37,244 of the larger adults present as of July 30. There-
fore if 41 per cent of the late season catches were of the 
41 
smaller size fish, their number may approximate - X 37,244 
59 
= 25,881. This, of course, is subject to error since natural mor-
tality was not considered and equal vulnerability to catch was 
assumed. If then the 37,244 large adults are added to the 25,881 
recruited segment of small fish the total population approximates 
63,000 adult walleyes in the lake. 
The population estimate of 42,441 (May 15 estimate) .is a con-
siderable increase over the 1947 estimate of 30,544 (Rose, op. cit.) 
and supports the survey evidence of an increase in abundance. 
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Table 3 
Census data used in calculation of walleyes in Spirit Lake. 
( Population=A-number caught X B-number tagged +C-recaptures.). 
Tagged Ratio C 
Period Number Caught "A" recaptures "C" A 
May 15-24 1,055 19 O.ot8 
May 25-June 3 575 11 0.018 
June 4-13 1,220 29 0.024 
June 14-23 623 22 0.034 
June 24-30 270 5 0.014 
July 
1-10 
345 8 0.023 
July 11-20 89 3 0.034 
July 21-30 20 1 0.050 
Totals 4,197 98 
July 31-Sept. 18 198 0.005 
Sept. 19-Nov. 27 322 0.003 
Dec. 6-15 · 370 1 0.003 
Dec. 16-25 340 1 0.003 
Dec. 26-Jan. 4 553 4 0.007 
Jan. 5-14 317 1 0.003 
Jan. 15-24 152 1 0.007 
Jan. 25-Feb. 3 84 1 0.012 
Feb. 4-15 78 0 0.000 
*"B" Number tagged-991. 
AB 4197 x 991 
P=-·-- ,= 42,441 Population estimate as of May 15, 1954 
c 98 
The ratio C/ A for each ten-day period from May 15 to July 30 
(Table 3) remained consistently low and .of sufficient uniformity 
to indicate random sampling and even dispersal of tagged fish 
throughout the unmarked segment of the population. The method 
described by Ricker ( 1937) is used for calculating sampling error 
and is based on the most likely variable, the number of recap-
tures. This involves the formula for 95 per cent fiducial limits: 
C + 1.92 ± 1.96 yC + 1. Substitutirig 98 (number of recap-
AB 
tures) for the value of C in the Petersen formula (P = --) 
c 
the corresponding limits are 121 and 79. These when used in 
the calculation gives 34,374 and 52,648 as the lower and upper 
limits of the population estimate. 
The length distribution of the walleyes tagged and the per-
centage of recaptures are included in Table 4. Catches were 
fairly uniform through all size groups from 13 to 20 inches in 
length with the exception of the 15-16 inch fish which were 
7
Ross: The Fluctuation in Abundance of Walleyes in Spirit Lake, Iowa
Published by UNI ScholarWorks, 1955
574 IOWA ACADEMY OF SCIENCE [Vol. 62 
apparently most vulnerable to angling. Ideally, each length group 
should have equal numbers tagged in order to determine accur-
ately the degree of vulnerability to catch of any particular size. 
This however, should not bias the estimate except if the largest 
and smallest were not represented in the angler catches. 
Of the 991 tagged walleyes in the lake at the start of the season 
on May 15, a total of 109 were recaptured by anglers (Table 3) 
by the end of the season on February 15. Thus we must assume 
at least an 11 per cent harvest of the adult walleyes. Much pub-
licity was given in the press and on radio to this project in an en-
deavor to obtain complete tag returns. However, it is doubtful 
that all were obtained and the percentage of actual harvest would 
probably approach 15 per cent. This was far less than the returns 
obtained in the previous (Rose, op. cit.) study when 28.6 perecent 
were returned. 
Table 4 
Length-frequency distribution of tagged walleyes and number of 
recaptures and percentage in each group 
Recaptures 
Total length Number tagged Number Percentage 
10.0-10.9 7 0 0 
11.0-11.9 17 1 5.9 
12.0-12.9 81 3 3.7 
13.0-13.9 119 18 15.1 
14.0-14.9 159 13 8.4 
15.0-15.9 110 24 21.8 
16.0-16.9 111 13 10.9 
17.0-17.9 99 9 9.1 
18.0-18.9 88 13 15.9 
19.0-19.9 88 11 12.5 
20.0-20.9 63 1 1.6 
21.0-21.9 32 0 0.0 
22.0-22.9 10 1 10.0 
23.0-23.9 8 1 12.5 
24.0-27.0 5 1 20.0 
Totals 991 109 10.99 
or average 
Populations of fish are difficult to appraise by sampling methods 
with any degree of accuracy even in small ponds. Attempts to 
estimate densities in large lakes involve manifold systematic pro-
blems; consequently, to eliminate all sources of error will.preclude 
the use of these methods. In a practical approach we must make 
every effort to tag a sufficient number of fish and assume that 
they are randomly distributed throughout the untagged element 
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at the time sampling begins. Also we must assume that mortality 
of the two elements are equivalent, that recruitment during the 
study is nil or can be recognized, that tagging do·es not stimulate 
or retard normal feeding and/or alter behavior patterns. 
SUMMARY 
Gill net catch records over a period of 19 years from 1936 to 
1954 (no records in 1943 and 1944) indicate a considerable fluctu-
ation in abundance of the walleye and the white bass in Spirit 
Lake. The data shows that during periods of low white bass 
density, the walleye increased in abundance and the reverse situ-
ation apparently prevailed during white bass dominance. 
There was poor natural reproduction of walleyes during a five 
year study period of no fry stocking ( 1944-1948) as determined 
by test seining in lake surveys. During the following six years 
of heavy walleye fry stocking there was a decided increase in 
abundance. These events, however, coincided with respective 
periods of high and low white bass populations suggesting a 
correlationship of considerable magnitude and minimizing possible 
cause and effect inferences of fry stocking. 
To determine the magnitude of the present walleye population 
a tag and recapture study indicates around 43,000 adults present 
as of May 15, 1954. This is a favorable increase over the estimated 
30,000 in 1947. Recruitment of sub-adults (mostly 1953 year 
class) to the population during late summer was roughly estimated 
at around 25,000. 
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